ABSTRACT The Prairie Pothole Region (PPR) of North America produces more than 50% of North America's upland-nesting ducks. With the recent increase in economic value of some cash-crops and the potential to lose productive nesting habitat enrolled in the Conservation Reserve Program (CRP), there has been interest in evaluating the efficacy of alternative farming practices to provide additional breeding habitat for waterfowl. We evaluated and compared daily survival rates (DSR) of duck nests (Anas spp.) in winter wheat with those in perennial cover. We also examined the number of hatched nests/ha in each habitat and compared them to estimates in spring wheat to put habitat-specific estimates of nest survival in perspective. We monitored 1,195 nests in winter wheat and 3,147 in perennial cover in North and South Dakota on 13-19, 10.36-km 2 sites each year from 2010 to 2012. In 2010, we also monitored 75 nests in spring wheat. We used an information-theoretic approach to develop and evaluate a set of competing models based on plausible and previously established covariates affecting nest survival. Across all species, nest survival was at least as high in winter wheat as in perennial cover, and for northern pintails and mallards, estimated nest survival rates were greater in winter wheat. Nest survival also varied by year and study area, was positively related to nest age, and was negatively related to the number of wetland basins, the proportion of cropland in the landscape, and vegetation density. Density of hatched nests in perennial cover (0.14/ha) was on average twice as high as nests in winter wheat fields (0.07/ha), which was in turn 4 times higher than estimates for spring wheat fields (0.02/ha). Our results provide evidence that winter wheat could be a useful tool for wildlife managers seeking to add productive nesting habitat in landscapes under intensive crop production.
The Prairie Pothole Region (PPR), which extends from the south-central portion of Canada including Alberta, Saskatchewan, and Manitoba, down to the north-central portion of the United States including Montana, North Dakota, South Dakota, Minnesota, and Iowa, is one of the most important areas for breeding ducks and has been established as a top priority for waterfowl conservation (U.S. Department of the Interior and Environment Canada 1986). This area is characterized by thousands of small wetlands (i.e., potholes) throughout the landscape as a result of glaciations over 10,000 years ago (van der Valk 1989) . Although the PPR has value as a breeding ground for ducks, it is also valuable for agricultural production. Over the last century, there has been a shift in land use from native mixed and tall grass prairie to agriculture in the form of cultivated crops, pastures, and rangeland (Dahl 1990 ). In the United States, an estimated 105 million ha of grassland were lost from 1850 to 1950 and more recently 11 million ha were lost between 1950 and 1997 (Claassen et al. 2011) . Hoekman et al. (2002) reported that nest success was one of the most important factors for population growth of mallards (Anas platyrhynchos) and presumably other upland nesting duck species (Pieron and Rohwer 2010) . With ongoing loss of grasslands (Claassen et al. 2011) , wildlife managers are always looking for methods to increase area of productive nesting cover. Programs like the Conservation Reserve Program (CRP) were initiated over 30 years ago to re-establish grassland habitat, protect air and water quality, reduce soil erosion caused by the intensification of agriculture, reduce crop surpluses, and increase commodity prices (Reynolds et al. 2001 , U.S. Department of Agriculture Farm Service Agency 2013). The CRP offers landowners a monetary incentive to voluntarily take their fields out of production and establish perennial grass or tree cover for 10-15 years. This program has been positively associated with nest success and recruitment rates of breeding ducks (Reynolds et al. 2001 , Drever et al. 2007 ). However, the area enrolled in the program has significantly declined over the last 5 years; this negative trend is predicted to continue (U.S. Department of Agriculture Farm Service Agency 2013). With the growing prices for some cash crops and the push to produce biofuels, the economic incentive is greater to convert what is left of the native prairie or CRP to cropland (Claassen et al. 2011) .
Although previous studies documented waterfowl nesting in cropland (Higgins 1977 , Cowan 1982 , Lokemoen and Beiser 1997 , our knowledge of the importance of croplands to nesting ducks remains limited because of the difficulty of obtaining adequate sample sizes while avoiding crop destruction (Devries et al. 2008 ). The few studies that have been able to quantify nest success and apparent nest density have reported extremely low estimates for both in spring-seeded crops (Higgins 1977 , Cowan 1982 , Devries et al. 2008 . Although predation is the predominant cause of nest failure for upland nesting ducks (Duebbert and Kantrud 1987 , Sovada et al. 2001 , Pieron and Rohwer 2010 , nests initiated in spring-seeded cropland also face risks of destruction from farming processes including seeding, tillage, and spraying operations during a critical period of the nesting season (Devries et al. 2008) .
Because fall-seeded crops are planted in the fall, remain dormant through the winter, and begin growing in the spring before ducks arrive to nest, they can provide attractive cover for early-nesting birds. Furthermore, nests in fall-seeded crops are not exposed to seeding and tillage operations during the spring. Devries et al. (2008) reported higher nest success and apparent nest density in winter wheat and fall rye when compared with spring-seeded crops in the parklands and grasslands of Saskatchewan. Other studies in Canada (Cowan 1982) and in the United States (Duebbert and Kantrud 1987) have reported similar results with no-till cropland. We were interested in evaluating the extent to which winter wheat, a fall-seeded crop, might serve as a suitable nesting habitat for breeding ducks in the PPR of the United States.
Our primary objective was to evaluate and compare daily survival rate (DSR) of nests in winter wheat to DSR of nests in perennial cover for the 5 most common upland nesting duck species: blue-winged teal (Anas discors), gadwall (A. strepera), mallard, northern pintail (A. acuta), and northern shoveler (A. clypeata). Based on previous research Kantrud 1987, Devries et al. 2008) , we predicted that DSRs would be similar for nests in winter wheat and perennial cover. As a secondary objective, we also assessed the number of hatched nests/ha in winter wheat and perennial cover and compared them with numbers in spring wheat. We expected the number of hatched nests/ha to be lower in winter wheat than in perennial cover because of the characteristics associated with monoculture habitats. However, given the results of previous research in spring-seeded crops, we expected the number of hatched nests/ha to be lower overall in spring wheat.
STUDY AREA
We conducted our study from 2010 through 2012 in portions of the drift prairie and Missouri coteau physiographic regions of the PPR of North and South Dakota. In all 3 years, we had a study area near Minot, North Dakota (488 13 0 59 00 N, 1018 17 0 32 00 W) in the northwest region (NWR) of the state. In 2011 only, we also included a study area in the south-central region (SCR) near Ashley, North Dakota (468 2 0 6 00 N, 998 22 0 25 00 W). This study area was included to increase our scope of inference about winter wheat in landscapes of varying amounts of grassland and cropland. However, we were unable to solicit enough winter wheat producers the following year to warrant inclusion in the study.
Both regions were dominated by small grain, oil seed, pulse crops, and row-crop agriculture. Perennial cover included fragmented remains of mixed prairie, hay, pasture (grazed and ungrazed), idle cover enrolled in the CRP, or grassland patches alongside roadways (right-of-ways). Further details on topography, elevation, weather, and other dominant species within the study area (including mammalian predators), can be found in Stephens et al. (2005) , Pieron and Rohwer (2010) , and Walker et al. (2013) .
METHODS

Study Design
We conducted our research on 13 sites in 2010 and 2011 and 19 sites in 2012. Each site was a 10.36-km 2 area (Stephens et al. 2005 , Walker et al. 2013 ) that contained !1 winter wheat field and 1 perennial cover field in all 3 years. In 2010, spring wheat was also included in a site. We categorized grassland, CRP, pasture, hayfields, and right-of-way as perennial cover. Initially, we attempted to randomly sample winter wheat fields in our study areas, but abandoned this method because of the unpredictability of where winter wheat would be planted each year. Instead, we canvassed producers and offered incentive payments to those who were known to have purchased winter wheat seed and sought permission to search for nests in their winter wheat fields.
Where permission was granted, we narrowed our selection to fields within a site that contained !50 wetland basins, a number known to support breeding ducks at a level that facilitates successful nest sampling (Reynolds et al. 2006) . Basins included wetlands that were wet or dry to account for permanent, semi-permanent, temporary, and seasonal wetlands. We then stratified sites by basin count as low (50-165), medium (166-280) , and high (281-430) within study areas. We sampled sites evenly from these categories and considered convenience of location if we had more than enough fields to choose from in each category.
Once we had a winter wheat field that met the sampling criteria, we located and gained permission on !1 perennial cover field within 10.36 km 2 of the center of the winter wheat field. In 2010, we also gained permission and offered compensation for !1 spring wheat field within a site (10.36-km 2 area). In a few cases, we were unable to pair winter wheat with perennial cover within a site and had to use a field of perennial cover that was farther away but that had the appropriate number of wetland basins in the surrounding landscape.
The amount of area searched for each habitat varied by year but totaled 7,670 ha in winter wheat, 10,114 ha in perennial cover, and 2,154 ha in spring wheat. Because of financial limitations and the limited sample of nests, we were able to find in spring wheat, which was consistent with reports from other studies in spring-seeded crops (Higgins 1977 , Greenwood et al. 1995 , Devries et al. 2008 , we only collected data from spring wheat in 2010. In 2011, extremely wet spring weather conflicted with the restriction that we could only search winter wheat in relatively dry-soil conditions to avoid damaging crops. As a consequence, the area searched in winter wheat was less than the area searched in perennial cover.
Field Methods
We systematically searched sites up to 4 times from late April to mid July at approximately 3-4-week intervals using the drag method described by Klett et al. (1986) . We dragged a nylon rope between 2 all-terrain vehicles to flush nesting females, get a visual mark on where the female flushed, and locate the nests. We used a nylon rope rather than a chain to minimize damage to wheat (Devries et al. 2008) . We conducted searches between 0700 and 1400 hr to maximize the probability that females were attending nests (Gloutney et al. 1993 ). Once we found a nest, we determined and recorded the nesting species, number of eggs, nest age, date, vegetation density, geographic coordinates, and status of the nest. We determined the species based on visual features of the female that flushed from the nest or by examining feathers found in the nest bowl (Klett et al. 1986) . We recorded visual obstruction readings (VORs) to the nearest 5 cm in 4 cardinal directions, 4 m from the nest at a height of 1 m (Robel et al. 1970 ) and estimated nest-site vegetation density by averaging the 4 measurements. We recorded the geographic coordinates using a handheld global positioning system unit and marked the nest with a 1-m fiberglass pole and pink flagging, 4 m north of the nest to make relocation easier. We continued to monitor nests every 7-10 days until eggs hatched or the nest was destroyed or abandoned. We determined a successful nest to be one that hatched !1 egg. We considered nests destroyed or abandoned failed nests and excluded from analysis any nest considered abandoned because of investigator influence. Nest searching protocols were approved under scientific collector's permits through the North Dakota Game and Fish Department (GNF02937916 and GNF03127342 in 2011 and 2012, respectively) and the South Dakota Department of Game, Fish, and Parks (43).
Covariates of Interest and Hypotheses
We developed a list of covariates at varying nest and landscape scales for use in competing models of daily nest survival based on our research questions and what has been reported as important in the literature on waterfowl nest survival. We included habitat in the list to allow us to evaluate a possible difference in survival rates for nests in winter wheat (WW) versus perennial cover (PC). We included species to account for expected variation, and predicted higher nest survival for blue-winged teal, gadwall, and northern shovelers than for mallards and northern pintails (Klett et al. 1988 , Beauchamp et al. 1996 , Pieron and Rohwer 2010 . We included study area (NWR and SCR) and year (2010, 2011, and 2012) as categorical predictor variables that might explain potential temporal and spatial variation in nest survival (Dinsmore et al. 2002) . We examined several continuous covariates that were expected to explain variation in nest survival. We expected nest survival to increase with nest age (Stephens et al. 2005 , Grant and Shaffer 2012 , Walker et al. 2013 ) because of modified female activity at the nest as the season progressed (Forbes et al. 1994) , and because nests at higher risk tended to fail at younger ages (Klett and Johnson 1982) . We included initiation date and calendar date to account for possible seasonal variation in nest survival rates. We standardized calendar dates among years by using the earliest date a nest was found for any year as the first day of the season. We calculated the number of wetland basins and proportion of cropland (including winter wheat) in the landscape around the nest (10.36 km 2 and 41.4 km 2 , respectively) using ArcGIS 10.1 (Environmental Systems Research Institute, Inc., Redlands, CA) and satellite imagery layers from the National Wetlands Inventory (NWI), and the United States Department of Agriculture National Agricultural Statistics Service (USDA NASS), respectively. We predicted a negative relationship between nest survival and the number of wetland basins at the site level (Stephens et al. 2005) . Given that some duck-nest predators prefer wetlands and wetland edges (Larivi ere and Messier 2000, Kuehl and Clark 2002, Phillips et al. 2003) , we expected an increase in the number of wetlands in the landscape would expose more duck nests to predators. We also expected the proportion of cropland in a 41.4-km 2 area including and surrounding a site (Stephens et al. 2005) to be negatively related to nest survival (Reynolds et al. 2001 , Drever et al. 2007 , Bloom et al. 2013 . The conversion of grassland to cropland often results in fragmented patches in the landscape (Gehring and Swihart 2003) and a decrease in grassland patch size (Saunders et al. 1991) . Foraging patterns of nest predators are affected by fragmentation and foraging efficiency of predators is higher in smaller patches of grassland such that nest survival in smaller patches is lower (Sovada et al. 2000 , Phillips et al. 2003 , Stephens et al. 2005 . We expected vegetation density at the nest to have a positive relationship with nest survival (Warren et al. 2008 , Thompson et al. 2012 , Bloom et al. 2013 . We predicted that more dense vegetation would decrease foraging efficiency of predators, conceal nests better, and have a positive effect on nest survival Beyersbergen 1987, Stephens et al. 2005) .
Modeling of Daily Nest Survival
We used an information-theoretic approach (Burnham and Anderson 2002) and developed a set of candidate models based on our covariates. We ran all possible linear additive combinations of the covariates (Doherty et al. 2010 ) but held species constant within all models as a baseline covariate to account for expected variation (Stephens et al. 2005 , Walker et al. 2013 . We included an intercept-only (null) model for comparison. To explore possible interactions and potential nonlinearities that have been reported by previous work, we included interaction terms between species and habitat (Klett and Johnson 1982 , Stephens et al. 2005 , Walker et al. 2013 ), species and nest age (Grant and Shaffer 2012) , and a quadratic term for nest age (Grant et al. 2005 , Pieron and Rohwer 2010 , Grant and Shaffer 2012 . We also checked for collinearity between covariates by assessing correlation coefficients before proceeding to model the data. Correlation coefficients ranged from 0.01 to 0.29, providing evidence that collinearity was low. We used the nest survival module (Dinsmore et al. 2002) in Program MARK (White and Burnham 1999) through the RMark package (Laake 2013) in Program R (R Development Core Team 2013) to model DSR as a function of nest and landscape-scale covariates. Specifically, we used a logit link with a binomial error distribution to model DSR with:
. Here, DSR ji is the daily survival rate for the jth covariate on the ith day, b 0 is the intercept, b j is the estimated coefficient for the j covariate, and x ji is the value for the j covariate on day i (Rotella et al. 2004 ).
This method assumes that 1) nests are accurately aged when found, 2) nest fates are assigned correctly, 3) finding and monitoring a nest does not influence its fate, 4) nest fates are independent of one another, and 5) no heterogeneity exists among DSR as modeled (Dinsmore et al. 2002) . For assumption 1, we candled the eggs to determine the incubation stage (Weller 1956 ) when the nest was found and on each return visit to confirm incubation was progressing and the nest was accurately aged. For the second assumption, evidence to discriminate between hatched and failed nests was discrete (Klett et al. 1986 ), and we excluded nests for which fate was uncertain from the analysis. For the third assumption, we minimized the amount of time (<5 min) and disturbance at the nest when found and on later visits. For the fourth assumption, we tested for overdispersion (ĉ) by bootstrapping our data at the field level (Bishop et al. 2008) . We ran over 1,000 simulations directly in Program MARK using a highly parameterized model. We calculated estimates and standard error of DSR based on estimated coefficients for each simulated data set for nests aged 5-35 days (ages of nests that were common in our data). We held all other covariates at their mean values. We calculated the standard deviation of the estimates for each nest age. We then calculated the average standard error for DSR for each nest age and used the following equation to estimateĉ for each age:ĉ ¼ SD 2 SE 2 . We obtained our final estimate ofĉ by averaging the age-specificĉ estimates. For the fifth assumption, we attempted to adequately model the heterogeneity in our data with diverse covariates but, to our knowledge, there is no goodness-of-fit test available that is unbiased and practical given the size of our dataset (Sturdivant et al. 2007 , Walker et al. 2013 . We used Akaike's Information Criterion with a correction for small sample size (AIC c ) to rank our models and assess which were most important for evaluating DSR (Burnham and Anderson 2002) . We also adjusted AIC c scores and variances for estimated overdispersion (ĉ ¼ 1.32; QAIC c ). We used the QAIC c value associated with each model to rank and assess importance by considering the DQAIC c value and QAIC c weight (v i ) associated with each model. We calculated DQAIC c by subtracting the QAIC c value of the model with the lowest score from the respective model's QAIC c value being assessed. We considered models that were 2 DQAIC c units of the top model strongly supported by the data and models 7 DQAIC c units away moderately supported by the data (Burnham and Anderson 2002) . We also assessed the importance of covariates within strongly and moderately supported models by evaluating 95% confidence intervals for estimated coefficients and the extent to which they might have overlapped 0. We used a 35-day incubation period for mallards and gadwalls, 34 days for blue-winged teal and northern shovelers, and 32 days for northern pintails when converting estimates of DSR to point estimates of nest success (Klett et al. 1986 ). We calculated nest success (NS) estimates for each categorical variable (i.e., species, habitat, year, and study area) from our top model, across all nest ages (NS ¼ DSR Age1 ÂDSR Age2 ÂDSR Age3 Â. . .DSR AgeMax ) while holding all continuous variables (i.e., wetland basin count, proportion of cropland, and vegetation density) at their mean values, unless otherwise stated. We used the delta method to calculate standard errors (Powell 2007 ).
Density of Hatched Nests
We calculated the number of hatched nests/ha in each habitat and year to put habitat-specific estimates of DSR in perspective. We did not calculate nest abundance because the number of nests initiated and failed between searches is unknown (Devries et al. 2008 ) and because some nests go undetected with the search methods we used , Gloutney et al. 1993 ). However, a recent study indicated that repeated nest searching misses few successful nests (P eron et al. 2014) . Consequently, we used sites that were searched !3 times consistently throughout the season to assess hatched nest density.
For each habitat, we determined the number of successful nests (!1 egg hatched) and divided by the area searched to calculate hatched nests/ha. We included data collected in 2010 from spring wheat fields to provide perspective on how the number of hatched nests/ha in winter wheat fields compare to values in spring-seeded crops.
RESULTS
We found and monitored 1,195 nests in winter wheat, 3,147 nests in perennial cover, and 75 nests in spring wheat of 8 duck species. Our sampling covered most of the nesting season across all 3 habitats. This resulted in 50,422 exposure days used to estimate DSR. The number of nests varied among habitats, species, and years ( Table 1) . The most common nesting species were mallards (24%), northern pintails (23%), and gadwalls (22%) for winter wheat, bluewinged teal (36%), mallards (20%), and gadwalls (19%) for perennial cover, and northern pintails (39%), blue-winged teal (29%), and mallards (19%) for spring wheat (Table 1) . We also found a few lesser scaup (Aythya affinis), and American wigeon (Anas americana) nests in all 3 habitats, and green-winged teal (Anas crecca) nests in winter wheat and perennial cover (Table 1) . We monitored nests on sites that varied widely in terms of their values for basin count and proportion of cropland. The number of basins ranged from 58 to 427 by site with an average of 204 (SD ¼ 66.76). Proportion of cropland by site ranged from 0.08 to 0.89 with an average of 0.51 (SD ¼ 0.18). Nest vegetation density ranged from VOR values of 0 to 11.13 dm with an average of 4.22 (SD ¼ 2.24) in winter wheat fields, and 0 to 12.63 dm with an average of 3.11 (SD ¼ 1.38) in perennial cover fields.
Nest Survival
Model structures were similar among well-supported models, and the relationship between any given covariate and DSR was consistent across those models. All models that were within 7 DQAIC c units of the top model included species (contained in all models by design), habitat, year, nest age, and wetland basin count. In addition to the covariates supported in all models, we also found support from models within 2 QAIC c units of the top model (Table 2) for including 1) an interaction between species and habitat (12 of 15 models), 2) study area (10 of 15 models), 3) nest vegetation density (9 of 15 models), 4) cropland (8 of 15 models), 5) calendar date (3 of 15 models), and 6) a quadratic term for nest age (2 of 15 models). However, estimated coefficients for covariates that were included in approximately half of the models had associated 95% confidence intervals that overlapped 0, preventing us from making strong inferences about their importance. Relationships between nest DSR and covariates were consistent in all the well-supported models and all covariates in moderately and highly supported models were included in our top model. Thus, we focus on results from our top model. Although the strength of the relationship between habitat and nest survival varied by species, no species had a point estimate for DSR in winter wheat below that for perennial cover. The strongest difference was for northern pintails (b NOPIÂWW ¼ 0:427, SE ¼ 0.184; Fig. 1) , with an estimated DSR in 2012 of 0.95 (95% CI ¼ 0.92-0.96) in winter wheat compared to 0.91 (95% CI ¼ 0.88-0.94) in perennial cover. This equated to a 32-day nest success rate in 2012 of 36% (SE ¼ 4.18) in winter wheat and 19% (SE ¼ 2.89) in perennial cover. There was also some evidence that mallards had higher nest survival in winter wheat than in perennial cover (b MALLÂWW ¼ 0:252, SE ¼ 0.165; Fig. 1) , with an estimated DSR in 2012 of 0.94 (95% CI ¼ 0.92-0.96) in winter wheat compared to 0.92 (95% CI ¼ 0.89-0.94) in perennial cover. This equated to a 35-day nest success rate in 2012 of 29% (SE ¼ 3.89) in winter wheat and 18% (SE ¼ 2.09) in perennial cover. For other species, differences were less clear (Fig. 1) .
The DSR varied by year and was estimated to be highest in 2012 (b 2012 ¼ 0:117, SE ¼ 0.063) and lowest in 2011 (b 2011 ¼ À0:225, SE ¼ 0.080; Fig. 1 ). Nest age, as predicted, was positively associated with DSR (b NestAge ¼ 0:011, SE ¼ 0.003). We also found evidence that DSR was higher on the NWR study area (b NWR ¼ 0:144, SE ¼ 0.088). We investigated whether relationships between nest survival and the continuous habitat covariates (i.e., wetland basins, proportion of cropland, and vegetation density) varied between nests in perennial cover and those in winter wheat. The data provided stronger support for the simpler model, and had 95% confidence intervals that overlapped 0. Thus, we made inferences about the main effects of our continuous covariates for nests in both habitat types. As expected, DSR was negatively related to the number of wetland basins (b Basin ¼ À0:002, SE < 0.001; Fig. 2 ) and to the proportion of cropland on the landscape (b Crop ¼ À0:264, SE ¼ 0.174; Fig. 3 ). Contrary to our prediction, DSR was lower for nest sites with higher vegetation density (b VOR ¼ À0:031, SE ¼ 0.018).
Density of Hatched Nests
Sites that we searched !3 times each year from 2010 to 2012 summed to 5,265 ha in perennial cover and 4,357 ha in winter wheat, and in 2010 only we searched sites totaling 1,105 ha of spring wheat. The area searched varied by year but was consistent in perennial cover and winter wheat, with the exception of 2011 (Table 3) . Because of the extreme wet conditions of 2011, we were unable to search most of our sites !3 times during the nesting season. Hatched nests/ha ranged from 0.016 to 0.103 in winter wheat, 0.120 to 0.153 in perennial cover, and 0.019 in spring wheat (Table 3) .
DISCUSSION Nest Survival Relationships With Habitat
We provided supporting evidence of all 5 common uplandnesting ducks nesting in winter wheat within the PPR of North and South Dakota. Our nest survival estimates for winter wheat were slightly lower than those reported by previous studies (Duebbert and Kantrud 1987, Devries et al. 2008), but our estimates for perennial cover were comparable to recent studies carried out in a similar area of the PPR of North Dakota (Stephens et al. 2005 , Walker et al. 2013 ). To our knowledge, ours is the only study to explicitly compare survival rates for nests in winter wheat with those in perennial cover. We also provided evidence that nest survival was at least as high in winter wheat as in perennial cover, and for northern pintails and mallards, the survival rate was higher in winter wheat. We propose several possible reasons for why nest survival was higher for some species in winter wheat than in perennial cover. First, previous work reported predation to be the most frequent cause of nest loss for waterfowl (Sargeant and Raveling 1992 , Sovada et al. 2001 , Pieron and Rohwer 2010 , and evidence at the nests suggested this was also the case for both habitats in our study. However, we suspect the pressures from the predator communities within each habitat might be different. Mammals are the main predators of waterfowl nests in the PPR Raveling 1992, Sargeant et al. 1993 ), but waterfowl nests are not the main component of most mammalian predator's diets (Sargeant et al. 1986 , Greenwood et al. 1999 , Sovada et al. 1999 . Most duck-nest predators are generalists and consume anything from arthropods and other insects to small mammals and birds. Monocultures of winter wheat might be less attractive to foraging predators because of lower diversity and abundance of potential prey, such as small mammals and insects (Flowerdew 1997 , Benton et al. 2003 , Heroldov a et al. 2007 ). Further, although we accounted for the number of wetland basins within a site (10.36-km 2 area), wetland density might be less within winter wheat fields because of agricultural practices like draining. If so, such sites might attract fewer mammalian predators, given that mammals prefer wetland edges and wet meadows that contain many prey species (Greenwood et al. 1999 , Larivi ere and Messier 2000 , Phillips et al. 2004 .
Second, given our evidence that nest density was lower in winter wheat, it is also possible that density-dependent predation rates could partly be responsible for differences in habitat-specific nest survival rates. However, much uncertainty surrounds the topic of density-dependent predation for waterfowl nests (Major and Kendal 1996, Ackerman 2002) . Some studies have reported strong evidence Beyersbergen 1986, Gunnarsson and Elmberg 2008) , whereas others have reported no evidence (Ackerman et al. 2004 , Pady s akov a et al. 2010 , Ringelman et al. 2012 ).
Nest Survival Relationships With Species
Consistent with previous literature (Stephens et al. 2005 , Walker et al. 2013 ) and our expectation, we found evidence that nest survival rate varied by species to some extent. In perennial cover, we found mallards and northern pintails to have the lowest nest survival estimates and gadwall and bluewinged teal to have the highest estimates. On the contrary, in winter wheat we found northern pintails and mallards to have the highest nest survival estimates and gadwall and blue-winged teal to have the lowest estimates. Differences in nest survival rates between winter wheat and perennial cover depended on species, with the most noticeable difference in estimates for northern pintails. Nests of northern pintails in winter wheat were about 2.4 times more likely to succeed than those in perennial cover. Nest success estimates across year and study area ranged from 7% (SE ¼ 1.91) to 19% (SE ¼ 2.89) in perennial cover and were similar to estimates reported by Guyn and Clark (2000) . Conversely, our estimates of nest success in winter wheat were substantially higher, ranging from 19% (SE ¼ 4.06) to 36% (SE ¼ 4.18). Northern pintails typically have low nest success (Klett et al. 1988 ) and prefer cropland habitat (Higgins 1977 , Greenwood et al. 1995 , where reported nest success estimates have been extremely low in spring-seeded crops (Milonski 1958 , Klett et al. 1988 , Greenwood et al. 1995 . Winter wheat offers a potential management tool for this species that could be valuable given that northern pintail populations, unlike other populations of upland-nesting ducks, have not recovered since the sharp decline in all duck populations in the 1980s.
Mallard nests were also more likely to succeed in winter wheat than in perennial cover. However, for other species, nest survival in winter wheat was only as good as that in perennial cover. It is unclear why nest survival was higher in winter wheat for some species and comparable to that in perennial cover for others. Our estimates of nest success for all species in winter wheat were almost always greater than the recommended nest success rates required to maintain populations (15% for northern pintails and mallards, Cowardin et al. 1985 ; 20% for all other species, Klett et al. 1988) .
Nest Survival Relationships With Temporal and Spatial Characteristics
Temporal and spatial variation has been documented widely in duck-nest survival studies throughout the PPR and was also evident in our study. As predicted and consistent with results of earlier studies (Stephens et al. 2005 , Grant and Shaffer 2012 , Thompson et al. 2012 , we found that nest survival increased with nest age. However, we are unsure of the underlying mechanism. It could be the result of modified female behavior at the nest, such that females increase the amount of time spent at the nest (Caldwell and Cornwell 1975 , Afton 1979 , Klett and Johnson 1982 and allow predators to approach more closely as incubation progresses (Mallory and Weatherhead 1993, Forbes et al. 1994) . The prolonged presence of the female at the nest could decrease the number of visual cues that might attract predators or be a physical deterrent for some predators Raveling 1987, Ringelman and Stupaczuk 2013) . However, it is also possible that the pattern seen was due to heterogeneity in nest survival whereby nests of lower quality tend to fail at higher rates early (Cam et al. 2002) .
Consistent with our prediction and results of previous studies (Stephens et al. 2005 , Thompson et al. 2012 , we found that nest survival decreased with the number of wetland basins in the landscape. Although ducks prefer nesting in areas of greater wetland density , Krapu et al. 1997 , Bloom et al. 2013 , wetlands are associated with high levels of primary productivity (van der Valk 1989) that might help support predators in surrounding areas. Furthermore, some duck-nest predators prefer wetlands and wetland edges when foraging (Larivi ere and Messier 2000, Kuehl and Clark 2002, Phillips et al. 2004) , and nests on sites with high wetland density can be expected to be closer to wetlands and more vulnerable to predators, on average, than they would be on drier sites. We also found evidence that nest survival was negatively related to the proportion of cropland on the landscape. A few studies have reported no relationship between nest survival and cropland (Howerter 2003 , Arnold et al. 2007 , Walker et al. 2013 ), but numerous studies have found a negative pattern (Drever et al. 2007 , Devries and Armstrong 2011 , Bloom et al. 2013 , which is in accordance with our results. The conversion of grassland to cropland has been associated with habitat fragmentation (Gehring and Swihart 2003) , which likely affects foraging patterns of predators (Stephens et al. 2005) . Some duck-nest predators reach their highest densities in highly fragmented landscapes (Donovan et al. 1997) , and smaller patches of habitat have a positive effect on foraging efficiency of predators (Sovada et al. 2000 , Phillips et al. 2003 . Differences in abundance and distribution of alternative prey or the types of predator communities associated with different levels of cropland are not something we addressed with this study but could also play a role in the pattern we see with cropland.
Contrary to our prediction and evidence from previous studies (Warren et al. 2008 , Thompson et al. 2012 , Bloom et al. 2013 , we found some evidence of a negative relationship between vegetation density at nest sites and nest survival. Although this was unexpected, the magnitude of the relationship was modest and numerous studies have not found evidence for a relationship between nest survival and vegetation density (Koons and Rotella 2003 , Jimenez et al. 2007 , Walker et al. 2008 . We expected more dense vegetation to decrease predator foraging efficiency (Sugden and Beyersbergen 1987) , but it is possible that nest-predation Table 3 . Number of hatched duck nests/ha in each habitat and year from sites sampled in North and South Dakota, 2010-2012 . Only fields that were searched !3 times each year were included in the area searched (area). Habitats included perennial cover (PC), winter wheat (WW), and spring wheat (SW). rates are higher in dense cover because both nesting females and predators are attracted to patches of dense vegetation (Jimenez et al. 2007 ).
Density of Hatched Nests
Our estimates of hatched nests/ha provide an integrated assessment of nest density and nest survival in different habitat settings. Across all 3 years, winter wheat produced at least half as many nests as perennial cover and almost 4 times as many nests as spring wheat (Table 3) . However, our estimate for spring wheat is based on 1 year of data and our sample size is about half our average sample size for perennial cover and winter wheat. Although we suspect that our estimate for spring wheat would be similar with a larger sample size and across more years, our inference is limited because of the small sample size. We speculate that production of hatched nests might be lower in spring wheat because the sparse vegetation available in spring-planted crop fields does not attract many ducks. It is also thought that cultivation activities associated with spring-planted crop fields destroy a high proportion of the nests initiated. However, we found that in our study, 7% of the nests that failed in spring wheat were because of cultivation practices. The majority of the nests failed because of predation, which was comparable to winter wheat and perennial cover. Although our inference is limited because of sample size, our study provided some evidence that winter wheat is more productive than spring-seeded wheat. We encourage future studies to investigate duckling survival and possibly other components of fitness to determine if winter wheat offers additional advantages to spring-seeded crops.
MANAGEMENT IMPLICATIONS
In the face of declining CRP area and the push for farmers to convert more land to commodity crops, winter wheat offers a productive habitat alternative to wildlife managers who seek to balance the habitat needs of duck populations with the needs of modern agriculture. Planting winter wheat offers some agronomic advantages over spring-seeded crops. It allows the work load to be spread between the fall and spring and provides the advantage of having some fields already planted during wet spring conditions, when spring-seeding can be difficult. Winter wheat also offers economic benefits with a lower production cost and higher average yield than spring wheat (U.S. Department of Agriculture National Agricultural Statistics Service 2013). It prevents soil erosion over winter and competes well with weeds in the spring once it is established (Devries and Guyn 2013) . We encourage wildlife managers to consider the benefits of winter wheat when designing and implementing programs to increase nesting habitat in crop-dominated landscapes.
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